Tujuan dari penelitian ini adalah untuk menguji efektivitas dari tiga macam bahan pengencer (Tris kuning telur, Bioxcell® dan Optixcell®) dan tiga waktu ekuilibrasi (T-30 min, T-2 jam dan T-4 jam) untuk kriopreservasi semen sapi bali. Tiga puluh enam ejakulat semen berasal dari 6 ekor sapi bali jantan dikoleksi dan dibekukan mengikuti protokol pembekuan rutin. Evaluasi motilitas sperma postthawing (PTM) dilakukan dengan computer assisted semen analysis (CASA). Integritas membran plasma dievaluasi dengan hypo-osmotic swelling (HOS) test dan viabilitas dievaluasi dengan pewarnaan eosin nigrosin. Hasil penelitian menunjukkan terdapat interaksi yang signifikan antara waktu ekuilibrasi dan pengencer terhadap motilitas, viabilitas dan integritas membran sperma sapi bali. Perlakuan kontrol (4 jam waktu ekuilibrasi) memiliki nilai tertinggi (P<0,05) dan perlakuan 30 menit waktu ekuilibrasi memiliki nilai terrendah (P<0,05) untuk total motilitas, motilitas progresif, persentase sperma dengan membran plasma utuh (MPU) dan viabilitas sperma. Motilitas, skor pergerakan individu dan integritas membran sperma dalam pengencer Optixcell® lebih tinggi dibandingkan dengan semen yang dibekukan dalam pengencer Bioxcell® dan Tris kuning telur. Motilitas total, progresif dan integritas membran sperma terbaik secara keseluruhan terdapat dalam pengencer Tris kuning telur dan Bioxcell® dengan waktu ekuilibrasi 4 jam dan Optixcell® dengan waktu ekuilibrasi 2 dan 4 jam. Kesimpulan berdasarkan analisis subyektif dan obyektif, equilibrasi 30 menit tidak cukup untuk mempertahankan motilitas dan integritas membran sperma yang lebih baik; equilibrasi untuk 2 jam menghasilkan motilitas sperma tertinggi untuk pengencer Optixcell®; dan equilibrasi untuk 4 jam menghasilkan viabilitas tertinggi untuk semua pengencer yang digunakan.
INTRODUCTION
Bali cattle (variously named Bos sondaicus, Bos javanicus, Bos bibos banteng) is considered as the most preferable breed in the small holding systems in Indonesia because of their high resistance against diseases, its remarkable ability to grow on low quality fodders and its high fertility rate (Purwantara et al., 2012 ) . Bali cattle represent about 25% of the total cattle population in Indonesia, mainly inhabitant the Indonesian eastern islands and it is very important there in the smallholder farming businesses (Lisson et al., 2010) .
In cattle, artificial insemination (AI) with frozen-thawed sperm is widely used for more than 30 years worldwide and intensively applied in Indonesia since 1970s (Sutarno and Setiawan 2016) . When conducting AI in cattle breeding, cryopreserved insemination doses are used and, consequently, their quality plays an important role in the success of fertilization (Beran et al., 2013) . However, in comparison with fresh semen, the quality of the frozen thawed semen is much lower hence, the fertility is still generally poorer with cryopreserved semen than with fresh semen (Watson, 2000) .
Extenders contain nutritional and protective ingredients which are added to semen to preserve sperm fertilizing ability. Egg yolk is the most widely used extender component of mammalian sperm. Its role in protecting the frozen sperm is not fully clear however several researchers have suggested several mechanisms of action (Bergeron and Manjunath, 2006; Tonieto et al., 2010) . However, the addition of egg yolk contributes to great variability among batches of extender and increases the risk of disease transmission (El-Sisy et al., 2016) . Moreover, harmful metabolites and endotoxins could be contained in the egg yolk, that lead to negative effects on the viability of the sperm cells (Vidal et al., 2013) , egg yolk also contains steroid hormones that lead to the reduction of sperm motility (El-Sisy et al., 2016) .
It is supposed that the use of non-animal based extender could decrease the risk of pathogen transmission and would be preferred to be used instead of animal based extender if it efficiently preserve the post-thawed semen attributes. Bioxcell® is a commercially available soybean lecithin-based extender which used as a substitution for Egg Yolk but the results of using it for semen freezing are controversial. Another commercially available extender is Optixcell® which is synthetic liposome based extender; those liposomes are molecules which are characterized by being defined chemically, and having the ability to exchange lipids and cholesterol with the damaged portions of the sperm plasma membrane (Belala et al., 2016a; Ansari et al., 2016) .
Equilibration time is considered as a necessary step in semen freezing. In most Indonesian national AI centers, a range of time between 4 hours and overnight is applied for semen/extender equilibration before freezing, such a step is considered as time consuming moreover, and it could lead to the increased oxidative reactions and Reactive Oxygen Species (ROS) formation which is so harmful for the sperm cell. So, there is a need to shorten the duration of this step with keeping high quality post-thawed sperm. Therefore, the objectives of the present study were to compare the postthawed characteristics including the total, progressive motilities, motility kinematics and plasma membrane integrity of Balinese bull sperm cryopreserved in three different extenders; animal based extender (Tris-clarified egg yolk (TriscEY), and non-animal based extender (Bioxcell® (lecithin based extender) and Optixcell® (liposome based extender)) in combination with three different equilibration times (30 minutes, 2 hours, 4hours).
MATERIALS AND METHODS

Tris-clarified Egg Yolk, Bioxcell® and Optixcell® Extenders Preparation
The aim of preparing Tris-clarified egg yolk (Tris-cEY) was to exclude the large yolk particles to avoid errors in semen evaluations. Commercially one day aged of commercial fresh eggs were collected, disinfected and manually cracked, yolks were separated from the albumin and were rolled carefully on a filter paper to remove chalazes and traces of albumin adhering to the vitelline membrane. That membrane was then disrupted with a scalpel blade and its content were collected in a beaker glass, and then it was added 20% to the basic Tris buffer formula according to Arifiantini and Yusuf (2010) as presented in Table 1 . The mixture solutions were then centrifuged for 45 minutes at 12000 g at 4°C. The supernatant was separated then used as TriscEY extender. Bioxcell® and Optixcell® were prepared according to the instruction pamphlet, Bioxcell® was diluted in aquabides 1:4 and Optixcell® was diluted in aquabides 1: 2. The prepared extenders were kept in water bath at 33°C until the dilution step.
Semen Collection and Processing
Semen of six sexually active Balinese bulls 5-7 years old were collected twice a week using artificial vagina. The bulls were confined in tiestall barn for 24 hours, except several hours for exercise on the day of semen collection. All bulls were fed with forage or rice straw and 4kg of concentrate per day with protein content of 16%. Semen was evaluated visually for ejaculate volume, color and consistency. Sperm concentration was evaluated using photometer (SDM 6 Minitub, Germany) and sperm velocity parameters were evaluated using CASA (SpermVision Tm 3.7 Minitub, Germany). Semen with good quality and more than 70% sperm motility were selected for further treatments and freezing. Semen was divided and extended with three different types of extender; Tris-cEY, Bioxcell® and Optixcell® in such way that each insemination dose contained 100 x 10 ⁶ sperm/ml. Semen was then automatically filled in 0.25 french straws. Equilibration of the straws containing the extended semen were carried out in a refrigerated cabinet (4°C), straws from each extender were divided in to 3 groups according to the time of equilibration (30 minutes, 2 hours and 4 hours). The equilibrated straws from each treatment were then exposed to liquid nitrogen vapor 4 cm above the level of liquid nitrogen for 10 minutes before being immersed into liquid nitrogen (-196°C) for storage and further evaluations.
Automated Analysis of Semen Motility
Post-thawed sperm motility was evaluated using Computer Assisted Sperm Analysis (CASA) (Sperm visionᵀᴹ3.7 Minitub, Germany) . CASA machine includes a software program (SpermVision) with settings adjusted for bull sperm which was attached to an Olympus BX 51 microscope (Olympus, Tokyo, Japan) with a heated stage (37°C). The microscope was fitted with a 20x objective and a 10x eyepiece; the camera operates at 60 frames per second. Sperm samples alliquotes (5 μl) of two straws of each treatment were pipetted on to a warm glass slide, and a coverslip was placed on top. The setting of CASA was held as presented in Table 2 Citric acid (g) 1.78
Glycerol (ml) 6
Strepomycin (mg)/ml 1 Penicillin (IU)/ml 1000 Aquabides (ml) 100 * Arifiantini and Yusuf (2010) .
wobble of the sperm head (WOB) is measured as (VAP/VCL); the linearity of the curvilinear track (LIN) is measured as VSL/VCL. Another motion parameter the beat cross frequency (BCF) which describes the frequency of the sperm head crossing the average path of the sperm in Hertz.
Assessment of Membrane Integrity and Sperm Viability
Hypo-osmotic swelling (HOS) test was used for functional sperm membrane integrity assessment (Hossain et al., 1998) . Two straws from each treatment were thawed in a water bath at 37°C for 30sec. The thawed semen (100 µL) was added to 1000 µL of hypo-osmotic solution (100 mOsm/kg H2O) in an eppendorf tube, and then it was mixed gently and incubated for 45 minutes at 37⁰C. The hypo-osmotic solution was prepared by mixing 0.9 g fructose with 0.49 g trisodium citrate dehydrate in 100 mL aqua-bides. After incubation, 15 µL of well mixed sample was placed on a warm slide (37⁰C) and covered with a cover slide, the sperm tails were observed under light microscopy (Olympus CK2, ULWCD 0.30) at 400x magnification (300 sperm per slide were observed). The sperm were classified as reacted and non-reacted depending on the status of the sperm tail plasma membrane. Sperm viability was assessed using Eosin-Nigrosin staining technique. Semen was mixed with eosin-nigrosin in a ratio of 1:4. After homogenization, slide smears were prepared and dried using heating table (37°C). At least 300 sperms were counted in total 10 fields of the slide. Sperm were classified alive (colorless) and dead (red sperm head).
Statistical Analysis
A completely randomized design with two factors arrangement (3 extenders×3 equilibration times), with 6 repetitions was used. Results are presented as least square means ± standard error of means (LS means ± SEM). Effects of extender type and equilibration time were evaluated by ANOVA, with Duncan's multiple comparison post-hoc test was used to determine differences among treatment combinations. Differences with a P-value of 5% were considered to be statistically significant. Values of sperm motility parameters, viability, and membrane integrity were compared using ANOVA. Calculations were performed with the statistical software package (SPSS 24).
RESULTS
Post-thawed sperm motility (CASA evaluation)
There were significant interactions between extender type and equilibration time for total and progressive motilities. Tris-cEY, Bioxcell® and Optixcell® with 30 minutes equilibration had the lowest values between among all treatment values (P<0.05), while semen which was extended in Tris-cEY and Bioxcell® with 2 hours equilibration time had lower values (P<0.05) than 4 hours. Motility and progressive motility of postthawed semen extended with Optixcell® at 2hours 60.35 ± 1.25 and 55.79±1.64% respectively and 4hours equilibrations 59.52 ±1.9 and 55.73±2.07% respectively were not significantly different (Table 3) .
There were no interactions between extender type and equilibration time for the other parameters evaluated by CASA (VAP, VSL, VCL, ALH, BCF, WOB, LIN). Moreover, sperm motion kinematics, namely, VSL, VAP, ALH and BCF were not affected by different equilibration times (P>0.05), however, those parameters were (Table 4) . VCL was significantly affected by the extender type. VCL value was the highest for Optixcell® (126.71 ± 2.2 µm/s) and the lowest for Tris-cEY and Bioxcell®, those were 98.34 ± 2.69 and 103.22 ± 2.88 µm/s, respectively (Table 4) .
Post-thaw Membrane Integrity and Viability
There was significant interactions between extender type and equilibration time for sperm viability and membrane integrity (P<0.05). TriscEY, Bioxcell® and Optixcell® with 30 minutes equilibration had the lowest values for sperm viability and membrane integrity compared between 2 hours and 4 hours equilibration. Sperm membrane integrity of semen extended in Optixcell® at 4 hours equilibration was significantly higher in its functional membrane integrity than Tris-cEY and Bioxcell® (Table 5) .
DISCUSSION
Sperm ability to be progressively motile is believed to be the most important sperm attribute for assessing the fertility potential of the cryopreserved semen. CASA systems were developed to minimize the errors of subjective assessment of sperm motility. Kathiravan et al. (2011) reported that only the parameters VCL, VSL, VAP can be used to predict in vivo fertility. More recent report suggested that sperm motion characteristics, such as total motility, progressive motility or BCF, were found to be predictors of bovine in vivo fertility (Oliveira et al., 2013 In the present research, the total and progressive motilities were the lowest at 30 minutes compared between 2 hours and 4 hours equilibration times, which confirmed that equilibration for 30 minutes was not sufficient to preserve sperm motility such a result is consistent with the report of Belala et al. (2016a) . Vishwanath and Shannon (2000) suggested that 4 hours equilibration time was considered important for glycerol/sperm equilibration; however, glycerol penetrates the bull sperm pretty rapidly so other reasons could be causing such long equilibration time Longer equilibration time is assumed to be needed for better frozen-thawed sperm quality that is because of the need of sperm plasma membrane to adapt with the membrane stabilizing agents contained in the extenders and the cooling temperature (4°C). In the study by Leite et al. (2010) , zero equilibration time resulted in significantly low post-thawed sperm motility, compared to equilibration times of either 2 or 4 hours. It has been reported that the best equilibration time in buck semen was 2 hours (Sundaraman and Edwin 2008) , between 2 to 4 hours in boar (Schäfer et al., 2017) , 4 hours for bulls (Leite et al., 2010) and 6 hours for dog (Belala et al., 2016b) .
Liposome based extender (Optixcell®) had the highest values for motility and progressive motility while both Tris-cEY and Bioxcell® were not significantly different (P<0.05). No differences between post-thawed sperm motility in semen which were extended with Optixcell® at 2 hours and 4 hours, Lima-verde et al. (2017) revealed that sperm bull extended with Optixcell® has improved mitochondrial membrane potential compared to soy-lecithin extender. Moreover, semen extended in Optixcell® had improved motility kinematic parameters than semen extended in Tris-cEY and Bioxcell® such a finding as previously suggested by Kumar et al. (2015) , Ansari et al. (2016) and Murphy et al. (2018) . Liposomes behave similar to the cell membrane and adhere to the sperm membrane during cryopreservation, ensuring the exchange of cholesterol and phospholipids (Ansari et al., 2016) . The protective activity of lecithin based extender could be due to the presence of a mixture of phosphatidylcholin and several fatty acids that protect sperm plasma membrane during freezing. However, in comparison with Optixcell®, Bioxcell® extender is characterized by having an opaque color, the reason could be because of the larger particles it contains. Such particles would need more time to distribute around each sperm cell and to adapt with the cooling temperature, it could also have negative effects on the sperm motility attributes. Moreover, the post-thawed semen quality of semen extended with lecithin based extender still controversial (Leite et al., 2010; Crespilho et al., 2012 , Singh et al., 2017 , Lima-verde et al., 2018 .
Equilibration time was significantly affecting the total and progressive motility. Controversially, there was no significant effect on other characteristics of sperm kinetics (i.e. sperm motion velocities (VAP, VSL, VCL), sperm head wobble characteristics (ALH, BCF) and sperm velocity ratio (LIN). Another notable finding was that the extender type had a significant effect on the sperm kinetics parameters. That could be assuming that the extender type composition had a direct effect on sperm velocity parameters than the duration of equilibration time. The differences in the motility kinematics obtained with the three studied extenders could be related to their qualitative composition which differs in terms of membrane stabilizing and energy providing agents. Variables of LIN, WOB, and BCF were with the highest values in semen frozen with Bioxcell®. Variables of VCL, VSL, and VAP were with the highest values in semen frozen with Optixcell®. A previous report assumed positive correlation between Catalonian donkey sperm VCL and its ability to in-vitro penetrate zona pellucida-free bovine oocytes (Taberner et al., 2010) . Another report presumed that VCL is related to the ability of sperm to penetrate cervical mucus (Robayo et al., 2008) . Moreover, Gillan et al. (2008) suggested that the post-thawed sperm VSL is related directly to the bull fertility. Therefore, in the present study, a higher value of VCL and VSL in liposome-based extender might contribute towards better post-thawed semen quality and fertility such assumption was in accordance with Singh et al. (2017) and Murphy et al. (2018) .
ALH was greater in Tris-cEY and Optixcell® than in a Bioxcell®, which is in contrast with a preceding report held by Celeghini et al. (2008) . Overall, greater values of VCL with ALH is not desired (ALH ≥ 7µm, VCL ≥ 70µm), because it indicate hyper-activated sperms (Kathidravan et al., 2011) . Moreover, according to Celeghini et al. (2008) , a higher value of ALH indicates inferior quality of sperm and can disturb the cell cycle progression.
Semen cryopreserved with Bioxcell® and Optixcell® had greater BCF which explains the higher velocity values and suggesting that both extenders contain components that effectively keep the sperm flagellar structure intact, moreover, some of those components stimulate the mitochondrial ATP production and consequently beat frequency (Celeghini et al., 2008) . For LIN, Optixcell® had lesser values at all times which indicate a higher amplitude of curvilinear path and direction similar to the path in a straight line but it is unclear its effect on sperm fertility (Januskauskas et al., 2003) .
Many studies have been done comparing the protective capability of using plant-based extender and egg yolk based extender with controversial results (Leite et al., 2010 , Singh et al., 2017 . Some studies suggested that semen frozen in lecithin based extender showed decrease in its post-thawed motility, viability and acrosome integrity in compare with egg yolk extender (Celeghini et al., 2008 , Crespilho et al., 2012 . On the other hand, some studies have found a greater sperm total motility and acrosomal integrity when cryopreserved semen was extended with lecithinbased extender as compared with egg yolk extender (Chaudhari et al., 2015) . Liposomes based extender is characterized by having the lowest sanitary risks, being chemically defined, calibrated and standardized. (Pillet et al., 2012) . Singh et al. (2017) revealed that liposome based extender is better than animal protein (egg yolk) and soya lecithin-containing extenders as measured by field trials and functional sperm parameters.
Sperm membrane is the main site of damage from freezing process because of the freezing deteriorating effect on the sperm phospholipids and the loss of cholesterol. (Sieme et al., 2015) . In the present study, hypo-osmotic swelling (HOS) test was used as a predictor of the functional integrity of sperm plasma membrane in sperm tail area. The principle of HOST is that the functional sperm tail plasma membrane will coil in the hypoosmotic media however the non-functional or the damaged plasma membrane will not react and the sperm tail stay straight. Equilibration time and extender type had a significant effect on the post-thawed integrity of sperm membrane and sperm viability. Thirty minutes equilibration was not enough to preserve both sperm intact plasma membrane and viability in compare with four hours equilibration. Within treatment combinations, despite no differences between post-thawed sperm motility in semen which were extended with Optixcell® at 2hours and 4hours equilibrations, there were significant differences for viability and plasma membrane integrity that could be because Optixcell® 2hours equilibration was not sufficient for sperm plasma membrane to be adapted with the cryoprotective components in the extender that could explain that the least membrane damage and highest viability was indicated at 4hours, independent of extender type. It is supposed that equilibration time facilitated adaptation of sperm membranes and metabolism to cold rather than to glycerol, that make the sperm to be less susceptible to freezing damage (Leite et al., 2010) .
CONCLUSION
In conclusion, based on the objective analyses, in case of using Tris-cEY or Bioxcell® as extenders for Balinese bull sperm, shorter times equilibration like 30 minutes or 2 hours is not recommended because of the drastic decrease in the post-thawed semen motility. In case of using Optixcell® as semen extender, 2 hours is sufficient for maintaining the post-thawed semen quality. Semen equilibration at 4 hours has the greatest sperm survival, independent of the used extender type. 
ACKNOWLEDGMENTS
